Objective: To assess vestibular function in a large group of vestibular schwannoma patients so that we could determine whether simple vestibular exercises speed vestibular dysfunction recovery after tumor removal surgery. Study Design: A prospective investigation of the vestibular dysfunction experienced by patients in the first 12 weeks after surgery. Setting: Vestibular investigation unit at a tertiary referral institution. Patients: Sixty-five patients with identified vestibular schwannoma referred for preoperative vestibular investigations. Thirty-two men and 33 women, with a mean age 51 years (range, 24-77 yr). Interventions: There were 27 control patients, 30 exercise patients, and 8 patients that had balance physiotherapy. Exercise patients began simple vestibulo-ocular reflex gaze stabilization exercises 3 days after surgery. Main Outcome Measures: Postoperative vestibular function testing was performed at 2 to 3, 6 to 7, and 10 to 12 weeks after surgery. Objective measurements of vestibular compensation status were as follows: spontaneous nystagmus and sinusoidal harmonic acceleration asymmetry and gain values. Dizziness Handicap Inventory questionnaires were used to assess subjective perceptions. Results: The main findings were reduced dispersion in vestibulo-ocular reflex asymmetry at 2 to 3 weeks, reduced mean in asymmetry at 6 to 7 weeks, less dizziness/imbalance according to the Dizziness Handicap Inventory questionnaire, and that preoperative caloric tests did not predict postoperative severity of vestibular systems. Conclusion: This large study provided unique evidence that a program of simple vestibular exercises and education can speed the rate of compensation after vestibular schwannoma surgery.
Developments in imaging technology facilitating early diagnosis and improved microsurgical techniques have resulted in patients with vestibular schwannoma (VS) having better postsurgery outcomes than previously. Complete tumor removal is now common, as is facial nerve preservation and often hearing preservation. Vestibular function may be little affected in many patients before surgery (1, 2) . This ipsilateral vestibular function is usually lost or damaged after VS removal, causing unilateral vestibular loss (uVL). Symptoms of this sudden change in vestibular function, including vertigo, imbalance, and nausea, usually resolve when central vestibular compensation processes adjust for the unilateral loss of peripheral vestibular input; however, this may take days or months to occur (3) .
Previous studies have demonstrated that vestibular rehabilitation programs can assist patients with vestibular dysfunction, particularly after acute uVL (4) (5) (6) (7) (8) . Formal vestibular rehabilitation programs can help many VS patients after surgery, but there is significant expense involved, as a trained physiotherapist is required, as is substantial patient commitment. Simple vestibular exercises might also help improve vestibular function after surgery. Advantages include not involving a physiotherapist because the exercises are straightforward and explanation of the exercises performed before surgery. This will help prepare patients if vestibular dysfunction occurs after surgery, possibly allowing them to facilitate their own balance recovery and not unknowingly hinder compensation by restricting head and body movement.
Herdman et al. (4) examined the effects of simple vestibular exercises on vestibular dysfunction after VS removal surgery. They studied an easy exercise program initiated 3 days after surgery, where the exercise group (n = 11) stimulated the vestibular-ocular reflex (VOR) by staring at their outstretched finger and turning the head, first sitting and then standing, for a total of 20 minutes daily. The control group was given eye movement exercises but no head movement while standing and then sitting for a total of 20 minutes daily (n = 8). Improved postural stability (using dynamic posturography), improved VOR gain, and less subjective disequilibrium were observed in the exercise group at postoperative day 6. These results are promising, although preoperative vestibular assessments were not performed and preoperative compensation status not considered, which might impact on the study result, especially as the sample numbers were small. In addition, there were no results after postoperative Day 6.
The current study aimed to objectively assess vestibular function in a large group of VS patients using sinusoidal harmonic acceleration (SHA) rotary tests and electronystagmography to determine whether simple vestibular exercises speed VOR recovery after tumor removal surgery. Patient perceptions about any postsurgery balance disturbance were also assessed in this study using the Dizziness Handicap Inventory (DHI) (9) .
PATIENTS AND METHODS
The study involved a prospective investigation of the vestibular dysfunction experienced by patients in the first 12 weeks after VS removal surgery. Patients attending for routine presurgery vestibular investigations were asked to participate in the study. All these VS patients had been referred by one of the authors (R. J. B.) over a 2.5-year period. Sixty-five patients volunteered; however, 32 patients declined for various reasons, preventing a study of consecutive VS patients at our facility.
Selection into a patient group was sequentially random, as the first half of the study consisted of the control patients and the second half the exercise patients. Sixty-five patients were recruited, 32 men and 33 women. Subject ages ranged from 24 to 77 years, with a mean of 51 years. There were 24 tumors on the right side and 41 on the left.
Maximal tumor diameter ranged between 5 and 45 mm (mean, 19 mm). There were 12 inferior vestibular nerve schwannomas, 7 superior nerve schwannomas, and 46 tumors in which the nerve origin could not be clearly defined. Unfortunately, the nerve of origin was only recorded for some of the hearing preservation procedures and so no meaningful correlation with the vestibular test findings could be made in this study.
There were 24 translabyrinthine, 15 middle fossa, and 26 retrosigmoid approach operations in the study sample. Selection of surgical approach was determined by patient hearing level and tumor site and size. Using the American Academy of Otolaryngology-Head and Neck Surgery guidelines for the evaluation of hearing preservation (10), there was a 67% hearing preservation rate for middle fossa approach operations and a 26% preservation rate for retrosigmoid operations. These hearing preservation rates are similar to other published hearing preservation results for VS removal surgery (1, (11) (12) (13) (14) (15) (16) .
Patient groups
There were 27 subjects in the control group. The mean age was 51 years and the mean maximal tumor diameter was 16 mm (range, 5-45 mm). Control patients underwent no specific vestibular or balance rehabilitation in the first 12 weeks after surgery and received instruction regarding mobilization only from the surgeon.
There were 30 subjects in the exercise group, with a mean age of 53 years and a mean maximal tumor diameter of 19 mm (range, 6-40 mm). All subjects started the exercises 3 days after surgery and continued the exercises for at least 2 weeks. Exercises involved simple gaze stabilization that elicited the VOR (i.e., head turning in the horizontal plane for 1 min while staring at a finger held at eye level, and repeated in the vertical plane). The exercises were performed first sitting and then standing, four to five times per day. Bedridden subjects were encouraged to begin exercises lying down. A thorough discussion about the vestibular compensation process was presented to exercise subjects at the preoperative appointment, and the simple exercises were demonstrated. Subjects were also given written instructions about the simple exercises to take to the hospital. Simply by describing the exercises to subjects, we introduced some element of bias into the study because these subjects became more knowledgeable about vestibular dysfunction and compensation compared with the controls.
An additional eight study subjects performed the study exercises but had also participated in some form of vestibular or balance physiotherapy facilitated by a physiotherapist. The data from these subjects were included when investigating the effect of the preoperative caloric result on postoperative vestibular function but were removed when investigating the effects of simple vestibular exercises compared with the control group.
Study measurements
Presence or absence of spontaneous nystagmus was determined during electronystagmography testing. Slow-phase eye velocities of any spontaneous nystagmus were recorded and measured using a Micromedical Technologies infrared camera eye-movement monitoring equipment. Patients were noted to have spontaneous nystagmus if any degree of spontaneous nystagmus without fixation was observed.
Rotational chair testing involving SHA was performed using a Micromedical Technologies System 2000 rotational chair. Subjects were seated upright in the rotational chair in a completely darkened room wearing the infrared camera headset to allow the tracking of eye movements. At all times throughout rotation, subjects were required to perform alerting exercises such as numerical and/or alphabetical tasks (17) . Caloric responses were obtained using the standard caloric procedure at our facility (18, 19) . Preoperative unilateral weakness values (UW1) were calculated using JongkeesÕ formula (20) , where a positive value represented a weakness on the tumor side.
Subjective patient perceptions about any dizziness and/or balance problems were assessed using the DHI questionnaire. A score close to 0% represented no dizziness/balance problem, whereas 100% represented a significant dizziness/balance problem.
Statistical analysis
The SHA asymmetry and gain data were examined using general linear model multifactorial analysis of variance, TurkeyÕs pairwise analysis of means, and BartlettÕs test of equal variances. DHI data produced nonnormal distributions and therefore were examined using the Kruskal-Wallis test of medians. Z tests of two proportions compared the incidences of spontaneous nystagmus in different patient groups. A 5% level of significance for all statistical tests was used.
RESULTS
Overall, 30 exercise subjects and 27 controls underwent a total of 197 vestibular function assessments both before and up to 12 weeks after VS surgery, and the effects of the simple exercises on the postoperative results were examined. Also examined, from the slightly larger sample of 65 subjects, were the effects of preoperative caloric results on the postoperative results.
Functional superior vestibular nerve preservation after VS removal surgery was seen in two patients (Patients 16 and 36), as evidenced by the preservation of normal and symmetrical caloric responses (i.e., unilateral weakness # 25% both pre-and postoperatively). Both of these patients had inferior vestibular nerve tumors. It was noted that these two subjects had recovery experiences similar to the other subjects, and one subject was in our exercise group and the other in the control group. At least three other authors have also reported the preservation of vestibular nerve function after surgery (2, 21, 22) .
Objective measurements
Distributions of the tumor size and subject ages were not significantly different between the control and exercise groups. Also, all the preoperative data distributions (i.e., caloric results, SHA results, and spontaneous nystagmus incidences) were not significantly different between the control and exercise groups.
Of the 65 subjects participating in the study, 63 had a presurgery caloric assessment. The preoperative UW1 results were categorized as follows: 37% had normal caloric responses (UW1 = 0-25%), 29% had measurable yet reduced caloric responses on the tumor side (UW1 = 26-99%), and 34% had absent caloric responses on the tumor side (UW1 = 100%).
Postsurgery outcomes (spontaneous nystagmus, asymmetric VOR, and subjectively perceived vertigo/imbalance) for each of the preoperative UW1 categories were investigated. These results showed no significant differences between the three categories at any time after surgery, demonstrating that the postsurgery outcomes were independent of preoperative caloric result. Figure 1 shows the incidences of spontaneous nystagmus for both the exercise and control groups. The only significant difference was observed at 6 to 7 weeks; however, because the exercise group had fewer incidences of spontaneous nystagmus than the control group at all times, not much weight was put on this one finding. Figure 2 shows the SHA asymmetry values for both the exercise and the control groups.
At 2 to 3 weeks after surgery, the dispersion of data was significantly larger for the control group compared with the exercise group, showing that the controls had significantly more extreme asymmetries compared with the exercise subjects. Later, at 6 to 7 weeks, the variance for the two groups was similar and the exercise group had a significantly better mean asymmetry value compared with the control group. Then, at 10 to 12 weeks, both groups had similar results.
SHA gain means were significantly less after surgery for all subjects in both the exercise and control groups. Comparing the exercise and control groups showed no significant gain differences at any time before or after surgery.
Subjective measurements
Exercise subjects appeared to report less dizziness and balance problems after surgery, and this led to the decision to include patient questionnaires into the study. As a result, exercise subjects completed more questionnaires than control subjects, as many control subjects had already completed the study (Fig. 3) . Despite the large difference between the number of questionnaires completed by control and exercise subjects, Kruskal-Wallis analysis showed the exercise group to have significantly better DHI median scores compared with the controls.
DISCUSSION

Effects of exercise
The exercise and control groups had similar tumor sizes, subject ages, and preoperative vestibular results. Therefore, it is likely that these factors did not bias the postoperative results.
Spontaneous nystagmus findings
The presence or absence of spontaneous nystagmus in this study was used as an objective measure of the vestibular compensation process. As expected, many   FIG. 1 . Significantly less spontaneous nystagmus in the exercise group compared with the control group at 6 to 7 weeks (Z test, p , 0.05).
subjects developed spontaneous nystagmus after surgery. This incidence of spontaneous nystagmus then decreased progressively over time. This finding has been widely reported after uVL (3, (23) (24) (25) (26) .
SHA findings SHA asymmetry and gain values were another objective measure of vestibular compensation. As expected, many subjects developed asymmetric and low-gain VOR responses during SHA tests after surgery. This asymmetry and gain then improved over time. This finding has also been widely reported after uVL (3, (23) (24) (25) (26) (27) .
The new finding we observed was that at 2 to 3 weeks, the control group had significantly more subjects with extreme asymmetries compared with the exercise group. Then, at 6 to 7 weeks after surgery, the exercise subjects overall had significantly less asymmetry than the control subjects. These results provided evidence that a program of simple exercises and education facilitated faster compensation of asymmetric VOR function in the first few weeks after surgery.
Exercise did not alter the magnitude of the functional deficit (VOR gain) after surgery, as demonstrated by the exercise and control groups having VOR gain means that were not significantly different. This result differed from the better VOR gain observed in exercise subjects compared with controls found by Herdman et al. (4) . Our postoperative study began at 2 weeks after surgery, whereas the Herdman et al. study ended at Day 6, and any VOR gain benefits of the exercises might be apparent only in the very acute stages after surgery.
Questionnaire findings
Subjective patient perceptions of vestibular dysfunction were assessed using the DHI questionnaire. As expected, patients reported increased dizziness and balance disturbance after surgery, which decreased progressively with time as compensation occurs. This finding has been observed after uVL for many decades (3, 23, 28, 29) .
In this study, the results from the DHI questionnaires suggested that exercise subjects perceived significantly less dizziness and imbalance than the control group after surgery. Overall, the questionnaire data supported the findings of the objective vestibular function tests that a program of simple exercises and education assisted the recovery of the sensory vestibular disturbance after surgery.
Effects of preoperative caloric result
Subjects with retained caloric responses before surgery are identified at risk for uVL; however, this study found that the presurgery caloric result was not a predictor of objective or subjective patient symptoms (spontaneous nystagmus, asymmetric VOR, and subjectively perceived vertigo/imbalance) after surgery.
This finding can be explained given that the caloric test mainly elicits low-frequency, superior nerve responses (30) . When caloric responses are absent, other vestibular function can still be intact and then subsequently damaged during surgery. As a consequence, it is recommended that when presurgery caloric responses are absent on the tumor side, patients are still prepared for a possible postsurgery vestibular disturbance.
In the past, it was uncommon for VS patients to have much surviving vestibular function on the tumor side before surgery (31) . Our result, however, was in agreement with other recent studies showing that approximately 50% of VS patients had normal caloric responses before surgery (1, 2) . This greater proportion of vestibular function in current VS patients is probably because many tumors are now diagnosed when small, because of better physician awareness and imaging techniques, and smaller tumors correlate with better preoperative vestibular function (32).
CONCLUSION
This study demonstrated evidence that a program of simple VOR exercises and education promoted faster vestibular compensation after VS removal surgery. The 4Significant difference in the control and exercise group variances at 2 to 3 weeks (BartlettÕs test, p , 0.05). PPreoperative control group mean significantly lower than all postoperative control means (analysis of variance, p , 0.05).
FIG. 3.
Kruskal-Wallis analysis showed the exercise group to have significantly better DHI questionnaire median scores compared with the controls. main findings were reduced dispersion in VOR asymmetry at 2 to 3 weeks, reduced mean asymmetry at 6 to 7 weeks, less dizziness/imbalance according to a questionnaire, and that preoperative caloric tests did not predict postoperative severity of vestibular systems. It suggests that all patients should at least perform simple VOR exercises after acoustic neuroma and similar surgical procedures.
